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microbial activities. During the last 5,000 to 10,000 years a variety of
techniques (such as drying, salting, heating, fermentation, refrigeration,
or freezing) evolved empirically and contributed to the increased shelf-
life of plant and animal foods. These techniques, which controlled mi-
crobial activity to a greater or lesser extent, were applied before the
mechanism of their effect was understood. In the early 1800s Francois
Nicholas Appert was awarded a patent for a practical method of food
preservation, namely, "canning." Since that time, and particularly during
the last 40 years, new processes have been developed to extend shelf-life
of foods. Although some others may have suggested microbial involve-
ment in food spoilage at earlier dates, it was Louis Pasteur who in the
mid-1800s first established a scientific basis for the direct relationship
between food spoilage and microbial activity. Microorganisms responsible
for foodborne diseases were first recognized around 1880. Since that time,
the number of microbial agents recognized as involved in foodborne illness
has increased steadily.

Spoilage, Pathogenic, and Useful Microorganisms

Microorganisms associated with foods can be categorized as "spoil-
age," "pathogenic," or "useful." Spoilage microorganisms are those
that can grow in a food and cause undesirable changes in flavor, consis-
tency (body and texture), color, or appearance. Also bacterial enzymes
may effect slow deterioration of frozen or dried foods during long-time
storage. These changes diminish the quality characteristics of foods and
may render them ultimately unfit for human consumption. For example,
refrigerated perishable foods such as milk, fresh meat, poultry, fish, fruits,
and vegetables lose some quality characteristics during normal storage
and ultimately spoil, due in part to the activity of microorganisms capable
of growth at refrigeration temperatures. Usually, extensive microbial growth
(millions of organisms per g or cm2) occurs before quality losses are
perceptible. These changes, when perceived by the consumer, serve as
an alert that extensive microbial activity has taken place.

Pathogenic microorganisms can render foods harmful to humans in a
variety of ways. Foods may serve as the vehicle for the introduction of
infectious microorganisms into the gastrointestinal tract, e.g., Salmonella
and Shigella. Multiplication of certain microorganisms in foods prior to
consumption may result in production of toxins, e.g., Clostridium botu-
linum, Staphylococcus aureus, and Bacillus cereus. Foods may also be
the vehicle for microorganisms that form toxins in vivo, e.g., Clostridium
perfringens and certain pathogenic Escherichia coll.

With some foods, conditions are chosen to favor the development of